




#$%&'(! )(! *&+,"-.-/0-! 12$3452'(! 452'6"-! 78'(! *$9"-! :,&8+,&(! ;89,2<-! #=2,(! >8$,2+?-! @&%(!
A2BC8DEF-! G22D(! H8B2DI-! :962'2(! J(! @2&5"-.-I-! K2+69L(! ;D22L&'"-/-I-! M2N$'(! O+8,D2=I-! #$%&'(!
1$6E$2D,.-!45+$LB&L(! P&$L.-!78'$2D(!)(!AC;&Q8'"-!A2$3*$'(!R53#22S-!RD8LB8$+(!A(!@5&%TL&'U-!
R'8',(! #58+%8"-.-! *9C(! O$,89B"V-!A$C582D(! H&DD8W""-! H8'W8X(! ;(! )&=".-! K+2,+$W(! M8+T2"/-! @$%(!












































*8B2! T58L2! CD$'$C8D! B+$8DL! $'N2LB$68B$'6! %2BE&+%$'! 8L! 8! C8'C2+! B52+8T=! 8+2! 9',2+Q8=(!
>&Q2N2+-!B52+2!+2%8$'L!C&'B+&N2+L=!8L!B&!B52!%&,2!&E!8CB$&'!&E!%2BE&+%$'!$'!B9%&9+L!8B!
CD$'$C8D! ,&L2L(! 12! C&',9CB2,! 8! CD$'$C8D! LB9,=! $'B26+8B$'6! %28L9+2%2'B! &E! %8+W2+L! &E!
L=LB2%$C! %2B8`&D$L%-! ,='8%$C! K7;3H:@34@-! B+8'LC+$TB&%$CL! 8',! %2B8`&D&%$CL! 8B! T8$+2,!
B$%2! T&$'BL! B&! T+&E$D2! B52! `$&8CB$N$B=! &E! %2BE&+%$'! $'! T+$%8+=! `+28LB! C8'C2+(! 12! L5&Q!
%2BE&+%$'! +2,9C2L! B52! D2N2DL! &E! %$B&C5&',+$8D! %2B8`&D$B2L-! 8CB$N8B2L! %9DB$TD2!
%$B&C5&',+$8D! %2B8`&D$C! T8B5Q8=L! 8',! $'C+28L2L! "S3K7;! ED9Z! $'! B9%&9+L(! @Q&! B9%&9+!
6+&9TL!8+2!$,2'B$E$2,!Q$B5!,$LB$'CB!%2B8`&D$C!+2LT&'L2L-!8'!]_H>]#!B+8'LC+$TB$&'8D!+2LT&'L2!
6+&9T! E&+!Q5$C5! B52+2! $L! 8'! $'C+28L2! $'!]_H>]#! 62'2! B+8'LC+$TB$&'! 8',! 8'! K7;! +2LT&'L2!
6+&9T!Q$B5!$'C+28L2,!"S3K7;!9TB8W2(! Y'C+28L2!$'!T+&D$E2+8B$&'-!8L!%28L9+2,!`=!8!N8D$,8B2,!









`22'! 8LC+$`2,! B&! $'5$`$B$&'!&E!%$B&C5&',+$8D! C&%TD2Z! "! g1528B&'! 2B! 8D(-! .V"<h(!>&Q2N2+-!
B52! ,&L2L! &E!%2BE&+%$'! 9L2,! 58N2! B=T$C8DD=! `22'! "V3"VVV! E&D,! 6+28B2+! B58'! T28W! TD8L%8!
D2N2D! $'! 59%8'L! g7&QD$'6! 2B! 8D(-! .V".h(! >2'C2! C&'B+&N2+L=! +2%8$'L! 8L! B&! Q52B52+!
%2BE&+%$'iL! 2EE2CBL! &'! B9%&9+!%2B8`&D$L%! 8B! CD$'$C8D! ,&L2L! 8+2! ,2B2+%$'2,! `=! $BL! ,$+2CB!
2EE2CBL!&'!%$B&C5&',+$8!&+!B5+&965!$BL!8CB$&'!&'!L=LB2%$C!%2B8`&D$L%!N$8!RAHM!,2T2',2'B!
$'5$`$B$&'! &E! 52T8B$C! 6D9C&'2&62'2L$L! 8',! L9`L2f92'B! +2,9C2,! C$+C9D8B$'6! 6D9C&L2! 8',!
$'L9D$'!D2N2DL(!
#2N2+8D!Q$',&Q!B+$8DL!58N2!9L2,! $%%9'&5$LB&C52%$LB+=! B&! $'N2LB$68B2!%2BE&+%$'iL!CD$'$C8D!
2EE2CBL! $'!`+28LB-!2',&%2B+$8D!8',!T+&LB8B2!C8'C2+(!R!'9%`2+!58N2!L5&Q'!B58B!%2BE&+%$'!









,8B2! B5$L! $L! B52! %&LB! C&'N$'C$'6! CD$'$C8D! 2N$,2'C2! B58B! %2BE&+%$'! 58L! L$6'$E$C8'B! 8',!
%28L9+8`D2! %$B&C5&',+$8D! 2EE2CBL! 8B! LB8',8+,! B52+8T29B$C! ,&L2L(! >2+2-! Q2! T+2L2'B! B52!
+2L9DBL! &E! 8! CD$'$C8D! LB9,=! B58B! $'B26+8B2L! B9%&9+! %2B8`&D&%$C! T+&E$D$'6! Q$B5! ,='8%$C!
! F!
$%86$'6-! B+8'LC+$TB&%$CL-!8',!L=LB2%$C!%2B8`&D$C!%8+W2+L! B&! E9+B52+!,$LL2CB! B52!2EE2CBL!&E!
%2BE&+%$'!&'!L=LB2%$C!8',!`+28LB!B9%&9+!%2B8`&D$L%('
12!+2C+9$B2,!<V!E2%8D2!T8B$2'BL!Q$B5!B+28B%2'B3'8jN2!T+$%8+=!`+28LB!C8'C2+!B&!B52!LB9,=(!
O2E&+2!8',!8EB2+! 8!"/k."!,8=! C&9+L2!&E!%2BE&+%$'!T8B$2'BL!9',2+Q2'B!8!,='8%$C! ED9&+&3
,2&Z=3736D9C&L2!T&L$B+&'!2%$LL$&'!B&%&6+8T5=3C&%T9B2,!B&%&6+8T5=!gK7;3H:@34@h!LC8'-!
`+28LB! C&+2! `$&TL$2L! E+&%! B52! T+$%8+=! B9%&9+! 9',2+! 9DB+8L&9',! 69$,8'C2-! 8',! `D&&,!
L8%TD2L!B&!8LL8=!5&LB!%2B8`&D$C!%8+W2+L!&E!B52!$'L9D$'!8Z$L!gD"*E'F,h(!#22!!,7$%':F!E&+!,2B8$DL!










B&! B52! B9%&9+-! B58'! LB8',8+,! LB8B$C! K7;3H:@34@! g79''Q8D,! 2B! 8D(-! .V""h(! ^L$'6! 8'!
$++2N2+L$`D2! .3B$LL92! C&%T8+B%2'B! %&,2D! ,2LC+$`$'6! +8B2L! &E! K7;! B+8'LT&+B! 8',!
T5&LT5&+=D8B$&'!gL22!%2B5&,Lh!Q2!&`L2+N2,!8'!$'C+28L2!$'!K7;!ED9Z!gMK7;h!$'B&!B52!T+$%8+=!






@52! 8`&N2! E$',$'6L! $'E2+! B58B!%2BE&+%$'! B+28B%2'B! D28,L! B&! $'C+28L2,! 6D9C&L2! 9TB8W2! `=!
`+28LB! B9%&9+L! 8',! B5$L! Q&9D,! `2! C&'L$LB2'B! Q$B5! 8! LQ$BC5! B&! 6D=C&D=B$C! %2B8`&D$L%(!
R,,$B$&'8DD=-! B52! 8'8D=L$L! 2%T58L$L2L! B52! L2'L$B$N$B=! &E! ,='8%$C! K7;3H:@! &N2+! LB8B$C!
LC8''$'6! $'! $,2'B$E=$'6!L9`BD2!T58+%8C&,='8%$C!C58'62L! $'!6D9C&L2!%2B8`&D$L%(! YE!'&+%8D!
B$LL92L! L9C5! 8L! D$N2+! 8`L&+`2,! %&+2! K7;! $'! +2LT&'L2! B&! %2BE&+%$'-! K7;! 8CB$N$B=!
C&'C2'B+8B$&'L! $'! B52! `D&&,! Q&9D,! E8DD-! T&B2'B$8DD=! +2,9C$'6! K7;! 9TB8W2! `=! B52! B9%&9+(!
>&Q2N2+-!B52!C&%T8+B%2'B!%&,2D!a! ED9Z!C&'LB8'B!8TT+&8C5!,2LC+$`2L!B9%&9+!K7;!9TB8W2!
8EB2+!8DD&Q$'6!E&+!,$EE2+2'C2L!8C+&LL!B52!Q5&D2!B$%23C&9+L2!&E!B52!,='8%$C!LC8'!$'!D2N2DL!&E!




























































































































































































































)2L28+C5! ^M! 8',! B52! :'6$'22+$'6! 8',! H5=L$C8D! #C$2'C2L! )2L28+C5! 4&9'C$Dh-! B52! ]ZE&+,!
O$&%2,$C8D!)2L28+C5!42'B+2!8',!B52!O+28LB!48'C2+!)2L28+C5!K&9',8B$&'-!Q5$DLB!B52!Q&+W!&E!
4K!8',!:;!Q8L! E9',2,!`=!8! C&+2! E9',! E+&%!B52!A2,$C8D!)2L28+C5!4&9'C$D(! @52!C$+C9D8B$'6!
6D9C&L2-! $'L9D$'-! C3T2TB$,2! 8',! C3+28CB$N2! T+&B2$'! 8LL8=L! Q2+2! C8++$2,! &9B! `=! B52! ]ZE&+,!
4D$'$C8D!O$&C52%$LB+=!*8`&+8B&+=-!C$+C9D8B$'6!Y*3F!8',!@GK38DT58!8LL8=L!`=!B52!]ZE&+,!4D$'$C8D!
Y%%9'&D&6=! *8`&+8B&+=! g`&B5! ]ZE&+,! ^'$N2+L$B=! >&LT$B8DL! G>#! K&9',8B$&'! @+9LBh! 8',!

























%&,2D$'6! &E! og"ShKpK7;! $'! LW2D2B8D!%9LCD2! `=! H:@d! 8! E&9+3C&%T8+B%2'B! E$N23+8B23C&'LB8'B!
%&,2D(!R%!J!H5=L$&D!:',&C+$'&D!A2B8`!%&"-!:?.<3?/F(!
O$+L&=-!M(-!H&LL2%8B&-!)(-!*&+`22+-!K(M(-!O8=+8WB8+-!:(4(-!@5$+9-!H(-!c9C2D-!O(-!18'6-!@(-!452'-!
1(1(-! 4D$L5-! 4(O(-! 8',! #8`8B$'$-! 7(A(! g.V"<h(! A2B8`&D$C! ,2B2+%$'8'BL! &E! C8'C2+! C2DD!
L2'L$B$N$B=!B&!6D9C&L2!D$%$B8B$&'!8',!`$698'$,2L(!G8B9+2!'$&-!"VS3"".(!





:(K(-! J&L5$-! ^(-! #2%2'[8-! ;(*(-! >&2WLB+8-! ](#(-! *8%%2+BL%8-! R(R(-! 2B! 8D(! g.VV.h(! O$&D&6$C!
C&++2D8B2L!&E!g"ShED9&+&,2&Z=6D9C&L2!9TB8W2!$'!59%8'!`+28LB!C8'C2+!%28L9+2,!`=!T&L$B+&'!
2%$LL$&'!B&%&6+8T5=(!J!4D$'!]'C&D!%$-!/IU3/SI(!








>8262`8+B5-! R(-! RD6$+2-! 4(-! 8',! H&DD8W-! A(! g.V"Fh(! R+2! A2BE&+%$'! 7&L2L! ^L2,! $'! A9+$'2!
48'C2+!A&,2DL!4D$'$C8DD=!)2D2N8'Bq!42DD!A2B8`!%)-!?FU3?IV(!
452'-! 1(1(-! K+2$'W%8'-! :(-! 18'6-! @(-! O$+L&=-! M(-! 8',! #8`8B$'$-! 7(A(! g.V"Fh(! R`L&D9B2!






8',!#B8%`&D$C-!l(! g.V"Fh(!A2BE&+%$'!H58+%8C&W$'2B$CL! $'!A&9L2!@9%&+Ld! Y%TD$C8B$&'L! E&+!
>9%8'!@52+8T=(!42DD!A2B8`!%)-!?FI3?FS(!
! "U!




7&QD$'6-! )(J(-! G$+89D8-! #(-! #B8%`&D$C-! l(-! 8',! ;&&,Q$'-! H(J(! g.V".h(! A2BE&+%$'! $'! C8'C2+d!
B+8'LD8B$&'8D!C58DD2'62L(!J!A&D!:',&C+$'&D!*&-!)/"3</(!
79''Q8D,-! *(M(-! 7&&B-! )(M(-! #T2C5B-! J(A(-! ;+8D&Q-! J()(-! :DD$L-! ;(M(-! *$N$'6LB&'-! )(O(-! *$',2'-!
>(A(-!;8,$-!l(M(-!M9+D8',-!O(K(-!#C59`2+B-!:(M(-!2B!8D(!g.V""h(!H:@!B9%&+!%2B8`&D$L%!$'!D&C8DD=!
8,N8'C2,! `+28LB! C8'C2+! T8B$2'BL! 9',2+6&$'6! '2&8,X9N8'B! C52%&B52+8T=d! N8D92! &E! LB8B$C!
N2+L9L!W$'2B$C!%28L9+2L!&E!ED9&+&,2&Z=6D9C&L2!9TB8W2(!4D$'!48'C2+!)2L!"#-!.<VV3.<VU(!
K2',B-! #(A(-! O2DD-! :(*(-! M2$`D2+-! A(R(-! 78N$,L&'-! #(A(-! 1$+B5-! ;(J(-! K$LW2-! O(-! A8=2+L-! J()(-!
#C5Q8`-!A(-!O2DD$'62+-!;(-!4L$`$-!R(-!2B!8D(!g.V"/h(!A2BE&+%$'!,2C+28L2L!6D9C&L2!&Z$,8B$&'!8',!




)2,9CB$N2! 48+`&Z=D8B$&'! &E! ;D9B8%$'2! Q$B5! ;D=C&D=L$L! $'! 42DDL! Q$B5! A$B&C5&',+$8D!
7=LE9'CB$&'(!A&D!42DD!(+-!?S"3?U/!2?SI(!
;$DD2LL2'-! #(-! ;$DL&'-! 4(-! J8%2L-! G(-! R,D2+-! R(-! #=,2L-! A()(-! 4D8+W2-! G(-! 8',! ;+&9T-! #(@(A(!
g.V"Fh(!)2T9+T&L$'6!A2BE&+%$'!8L!@52+8T=!E&+!H+&LB8B2!48'C2+!Q$B5$'!B52!#@RAH:7:!@+$8D!
HD8BE&+%(!:9+!^+&D!#$-!UVF3UVS(!
;&&,Q$'-! H(J(-! H8+9D2W8+-!1()(-!;2D%&'-! M(R(-! #52T52+,-! *(:(-! *$6$`2D-! J(R(-!>2+L5%8'-!7(*(-!
)8LB&6$-! H(-! A8=2+-! Y(R(-! >&`,8=-! @(J(-! *2%$29Z-! J(-! 2B! 8D(! g.V"?h(! :EE2CB! &E! %2BE&+%$'! NL!
TD8C2`&!&'!8',!%2B8`&D$C!E8CB&+L!$'!G4Y4!4@;!AR(/.(!J!G8BD!48'C2+!Y'LB!"$#(!
! .V!
>8,8,-! #(-! YQ8%&B&-! @(-! J&+,8'-! *(-! H9+,$2-! 4(-! O+8=-! #(-! O8W2+-! *(-! J2DD2%8-! ;(-! 7258+&-! #(-!
>8+,$2-! 7(;(-! H9L[B8$-! *(-! 2B! 8D(! g.V""h(! :N$,2'C2! E&+! `$&D&6$C8D! 2EE2CBL! &E! %2BE&+%$'! $'!
&T2+8`D2! `+28LB! C8'C2+d! 8! T+23&T2+8B$N2-!Q$',&Q3&E3&TT&+B9'$B=-! +8',&%$[2,! B+$8D(! O+28LB!
48'C2+!)2L!@+28B!"%&-!IS/3IU<(!
>896+9,-! R(O(-! P598'6-! c(-! 4&TT&CW-! J(7(-! 8',! A$LW$%$'L-! 1(M(! g.V"<h(! 7$C5D&+&8C2B8B2!












W$'2B$CL! $'! 528,! 8',! '2CW! Lf98%&9L! C2DD! C8+C$'&%8d! 8! H:@! $%86$'6! LB9,=(!A2,! H5=L! *"-!
V<"U""(!
*$9-! _(-! )&%2+&-! Y(*(-! *$BC5E$2D,-! *(A(-! *2'6=2D-! :(-! 8',! *&C8L8D2-! J(1(! g.V"Fh(! A2BE&+%$'!
@8+62BL! 42'B+8D! 48+`&'! A2B8`&D$L%! 8',! )2N28DL! A$B&C5&',+$8D! )2f9$+2%2'BL! $'! >9%8'!
48'C2+L(!42DD!A2B8`!%*-!I.S3I/U(!
! ."!













G$+89D8-! #(-!7&QD$'6-! )(J(-! :''$L-!A(-! 458'6-!A(4(-!7&'2-! #(J(-!>&&,-!G(-! :LC8DD&'-! J(-! *2&'6-!
1(*(-! AC4+28,=-! 7()(-! )22,$XW-! A(-! 2B! 8D(! g.V".h(! A2BE&+%$'! $'! 28+D=! `+28LB! C8'C2+d! 8!
T+&LT2CB$N2!Q$',&Q!&E!&TT&+B9'$B=!'2&8,X9N8'B! LB9,=(!O+28LB!48'C2+!)2L!@+28B! ")'-! S."3
S/V(!




#C5&&'2%8'-! A(;(-! l8[-! K(A(-! >&9B2'-! #(A(-! 8',! #&2B2+L-! A()(! g.V"/h(! RC=DC8+'$B$'2Ld!
+2ED2CB$'6!&+!$'ED$CB$'6!$'L9D$'!+2L$LB8'C2q!7$8`2B2L!(%-!"3S(!
! ..!
#C59D2+-! M(A(-! )8%`8DD=-! O(#(-! 7$K9+$&-!A(J(-! #8%T2=-! O(H(-! ;25+$6-! H(R(-!A8W&QLW$-! *(-! 8',!
O823J9%T-! l(*(! g.V"?h(! R'B$T+&D$E2+8B$N2! 8',! %2B8`&D$C! 2EE2CBL! &E! %2BE&+%$'! $'! 8!
T+2&T2+8B$N2!Q$',&Q!CD$'$C8D!B+$8D!E&+!2',&%2B+$8D!C8'C2+(!48'C2+!A2,!*-!"F"3"I/(!





#9DD$N8'-! *(O(-!;9$-!7(c(-!>&L$&L-! R(A(-! O9L5-! *(G(-! K+2$'W%8'-! :(-! 8',!l8',2+!>2$,2'-!A(;(!
g.V"?h(! #9TT&+B$'6! RLT8+B8B2! O$&L='B52L$L! YL! 8'! :LL2'B$8D! K9'CB$&'! &E! )2LT$+8B$&'! $'!
H+&D$E2+8B$'6!42DDL(!42DD!"(%-!??.3?F/(!
1528B&'-! 1(1(-! 12$'`2+6-! #(:(-! >8%8'8W8-! )(O(-! #&`2+8'2L-! #(-! #9DD$N8'-! *(O(-! R'L&-! :(-!








g8hd! #B9,=! ,2L$6'(! #5&+BD=! 8EB2+! ,$86'&L$L! T8B$2'BL! Q$B5! 9'B+28B2,! T+$%8+=! `+28LB! C8'C2+!
+2C2$N2,!"/k."!,8=L!&E!LD&Q!+2D28L2!%2BE&+%$'!8B!2LC8D8B$'6!,&L23D2N2DL!g?VV%6!E&+!,8=L!"Y
/-! "VVV%6! E&+! ,8=L! <YF! 8',! "?VV%6! B52+28EB2+h!Q$B5! C&+2! `$&TL$2L! B8W2'! T+23! 8',! T&LB3
%2BE&+%$'! `2E&+2! T+&C22,$'6! B&! '2&8,X9N8'B! C52%&B52+8T=(! gZhd! 458'62! $'! B52! K7;! ED9Z!
C&'LB8'B!MK7;3.CTB!&E!B52!T+$%8+=!B9%&9+!$'!$',$N$,98D!T8B$2'BL!gD2EB!T8'2Dh!8',!&N2+8DD!gD&Q2+!
+$65B! T8'2Dh! T+23! 8',! T&LB3%2BE&+%$'! g'm/F-! T8$+2,! B3B2LBb! ,8B8! L5&Q'! 8+2!%28'! u! #:Ah(!
^TT2+!+$65B!T8'2Dd!LB8B$C!H:@34@!$%862L!$'!C&+&'8D!TD8'2!T+23!8',!T&LB3%2BE&+%$'!8+2!E+&%!
8'! $',$N$,98D! Q$B5! 8'! $'C+28L2! $'! MK7;3.CTB! E&DD&Q$'6! %2BE&+%$'b! '&B2! $'C+28L2,! 9TB8W2! $'!
8Z$DD8+=! D=%T5! '&,2L! gC$+CD2,h(! gChd! A2,$8'! E&D,! C58'62! 8',! $'B2+f98+B$D2! +8'62! E&+!





D"*E' GE' <%#52+0")' ,$#%+4' $%W%$4' 25' 0"#21/2)-+",$' 0%#,72$"#%4' ,)-' ")1+%,4%4' ATUVA:'
+%$%W,)#'*%)%'#+,)41+".#"2)'")','4974%#'25'.,#"%)#4'






T5&LT5&+=D8B$&'! gM:;;dVV"UVhb! @4R! C=CD2! gM:;;dVVV.Vhb! 6D=C&D=L$L! 8',! 6D9C&'2&62'2L$L!
gM:;;dVVV"Vhb! 8D8'$'2-! 8LT8+B8B2! 8',! 6D9B8%8B2! %2B8`&D$L%! gM:;;dVV.?Vh(! :8C5! +&Q!
+2T+2L2'BL!8!62'2!8',!28C5!C&D9%'!+2T+2L2'BL!8!L$'6D2!T8B$2'B! g'm/Fh(!4&D&9+L!+2ED2CB! B52!
E&D,! C58'62! E&+! 28C5! 62'2! T&LB3%2BE&+%$'d! )2,! m! 9T3+269D8B$&'-! OD92! m! ,&Q'3+269D8B$&'(!
! .?!
#8%TD2L! Q2+2! N$L98DD=! CD9LB2+2,! 9L$'6! 5$2+8+C5$C8D! CD9LB2+$'6(! ]_H>]#! B+8'LC+$TB$&'8D!
+2LT&'L2! 6+&9T! g]@)h! 8',! K7;! +2LT&'L2! 6+&9T! gK)h! L5&Q'(! #5&Q'! `2D&Q! $L! 528B%8T! &E!



























T&LB3%2BE&+%$'d! )2,! m! 9T3+269D8B$&'-! OD92! m! ,&Q'3+269D8B$&'(! #8%TD2L! Q2+2! N$L98DD=!
CD9LB2+2,! 9L$'6! 5$2+8+C5$C8D! CD9LB2+$'6(! )$65B! 9TT2+! T8'2D-! T+23! 8',! T&LB3%2BE&+%$'!
2ZT+2LL$&'! &E! L$6'8B9+2L! E&+! $',$N$,98D! T8B$2'BL! g'm/Fhb! )$65B! D&Q2+! T8'2D-! LC8BB2+! TD&B! B&!










%&'B5L! `2BQ22'!A8=! .V""! 8',! G&N2%`2+! .V"/! $'! B5+22! ^M! C2'B+2L-! ]ZE&+,-! *9B&'! 8',!
79',22(! Y'E&+%2,! C&'L2'B! Q8L! &`B8$'2,! E+&%! 8DD! T8B$2'BL(! @52! LB9,=! Q8L! T+&LT2CB$N2D=!
8TT+&N2,! `=! B52! G>#! ]ZE&+,L5$+2! )2L28+C5! :B5$CL! 4&%%$BB22! R! 8',! +26$LB2+2,! Q$B5! B52!
4D$'$C8D@+$8DL(6&N!$,2'B$E$2+d!G4@V".FF<SF(!RDD!T8B$2'BL!8B!B52!T&$'B!&E!+2C+9$B%2'B!58,!`22'!
+2E2++2,! Q$B5! 8! N$2Q! B&! '2&8,X9N8'B! C52%&B52+8T=-! 58,! 5$LB&D&6$C8DD=! C&'E$+%2,! `+28LB!
C8'C2+!8',!68N2!$'E&+%2,!C&'L2'B(!Y'!8DD!C8L2L!B52!T+$%8+=!`+28LB!C8'C2+!Q8L!$'!L$B9!8',!'&!





A2BE&+%$'!Q8L!6$N2'! $'!B52!;D9C&T5862!_)!! E&+%9D8B$&'! $'!8'!2LC8D8B$'6!,&L2!&'C2!,8$D=!
E&+!8!%$'$%9%!&E!"/!,8=L!8',!8!%8Z$%9%!&E!."!,8=L!g?VV%6!E&+!,8=L!"Y/-!"VVV%6!E&+!,8=L!
<YF! 8',!"?VV%6! B52+28EB2+h(! @52!,8=!T+$&+! B&! C&%%2'C$'6!%2BE&+%$'! 8! C&+2!`$&TL=!Q8L!
B8W2'! 9',2+! 9DB+8L&9',! 69$,8'C2! E+&%! B52! T2+$T52+=! &E! B52! T+$%8+=! B9%&9+(! 1$B5$'! "!
%$'9B2! &E! B5$L! T+&C2,9+2! B52! `$&TL=!%8B2+$8D! Q8L! L'8T! E+&[2'! $'! D$f9$,! '$B+&62'! T+$&+! B&!
! /V!



































(Females) 43.2933 !H ! 0.41813 +BW  ! 0.29569
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REAGENT or RESOURCE SOURCE IDENTIFIER 
Antibodies 
pAMPK thr172 residue Cell Signaling Technologies AB_331250 
pAKT ser473 residue Cell Signaling Technologies AB_2315049 
Critical Commercial Assays 
IL-6 Invitrogen BMS213HS 
TNF-alpha Invitrogen BMS223HS 
NEBNext mRNA Library Prep Master Mix Set New England Biolabs E6110 
Deposited Data 
Analysed RNASeq data This paper doi:10.17632/cytrpb62f2.1 
 
Software and Algorithms 
RNASeq analysis R-project v3.3.1 
Imaging analysis Matlab  
Other statistical analyses GraphPad PRISM  v6.0 
Other 
Metformin  Bristol-Myers Squibb Glucophage XR! 
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